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SYSTEM AND METHOD FOR A
SEMI-AUTOMATIC QUANTIFICATION OF
DELAYED ENCHANCEMENT IMAGES

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 60/550,874 filed on Mar. 5, 2004, titled as
“Semi-Automatic Quantification of Delayed Enhancement
Images™, contents of which are incorporated herein by refer-
ence.

TECHNICAL FIELD

The present invention generally relates to medical image
processing and more particularly to detecting anatomical
abnormalities in medical images.

DISCUSSION OF THE RELATED ART

Delayed Enhancement Magnetic Resonance (DEMR ) 1s an
image acquisition technique by which non-viable (1.e., dead)
myocardial tissues appear with increased signal intensity (1.¢.
they are brighter than the surrounding wviable tissue). The
extent of non-viable tissue 1n the Left Ventricle (LV) of the
heart 1s a direct indicator of patient survival rate. However,
determination of viable and non-viable LV heart tissues 1n
DEMR 1mages 1s a non-trivial task. Hence, there 1s a need for

techniques to determine viable and non-viable tissues in
DEMR 1mages.

Acquisition of DEMR requires a waiting period of about
20-30 minute. During this 20-30 minute waiting period other
MR protocols are generally acquired, specifically Cine MR, a
time series over the cardiac cycle. Compared to DEMR, in
Cine MR the LV myocardium appears with much more uni-
form texture with which contraction of the myocardium can
be visualized.

Segmentation of the LV in DEMR images 1s challenging
since reliable prediction of 1ts intensity characteristics 1s dii-
ficult. Compared to segmentation of Cine MR images, 1n
which assumptions may be made about the relative intensities
of air, blood, and muscle, little can be known about the DEMR
myocardium. Further, non-viable tissues may have intensities
that render it indistinguishable from the blood pool. Thus,
radiologists in analyzing DEMR 1mages often refer to a “cor-
responding” Cine image in which the heart wall 1s visible. A
Cine MR (Magnetic Resonance) image 1s considered a cor-
responding 1image that has the most similar slice plane with
respect to the heart and closest trigger time 1n the cardiac
cycle. Slice planes of Cine MR and DEMR 1mages may notbe
identical due to patient motion or respiratory artifacts; and,
the ECG time of the DEMR may not exactly match the tem-
poral sampling of the Cine with respect to the ECG.

Regarding the classification of the non-viable myocar-
dium, classifying myocardial tissues using a Support Vector
Machine was described in U.S. patent application Ser. No.
10/6°77,190 to Thomas O’Donnell et al., which 1s titled “Sys-
tem and method for using delayed enhancement magnetic
resonance 1imaging and artificial intelligence to 1dentily non-
viable myocardial tissue”, the entire contents of which are
incorporated herein by reference. This SVM based classifi-
cation used certain feature like the thickness of the heart wall
and the change 1n thickness over time as features for SVM
based classification and classification was based on sectors.
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2
SUMMARY

In one aspect of the mmvention, a method and device for
image processing to determine image characteristics includes
operations of segmenting of first images to create one or more
segmentation contours corresponding to the first images; and
registering the segmented first images to second 1mages. Fur-
ther, operations of transferring the segmentation contours
from the first images to second images; and {itting the trans-
ferred segmentation contours in the second 1mages are per-
formed.

In another aspect of the invention, a method for processing
Cine MR (Magnetic Resonance) images that include corre-
sponding cine 1mages and Delayed Enhancement Magnetic
Resonance (DEMR) Viability image(s ) to analyze a candidate
includes the operations of segmenting the Cine MR 1images to
create one or more segmentation contours; and Deforming
the segmentation contour such that it 1s interpolated to appear
as 1t would for a phase corresponding to the viability image’s
phase to generate a prior model. Further, operations of local-
1zing the candidate in the viability image by registering the
corresponding cine images to the viability image; and creat-
ing one or more energy fields image to fit the prior model to
the viability image are performed. Operations for fitting the
prior model to the energy field 1images using or more trans-
formations; and classifying the candidate using a classifier in
the processed viability 1mages that include the fitted prior
model are also performed.

BRIEF DESCRIPTION OF DRAWINGS

Exemplary embodiments of the present invention are
described with reference to the accompanying drawings, of

which:

FIG. 1 1s a flowchart for segmenting and classifying the
myocardium 1n the DEMR 1mages in an exemplary embodi-
ment of the invention;

FIG. 2 shows a block of Cine MR images used in an
exemplary embodiment of the invention;

FIG. 3 shows DEMR Viability Images and a specific viabil-
ity phase 1n an exemplary embodiment of the mnvention;

FIG. 4 shows sorting of the viability 1mages 1in an exem-
plary embodiment of the invention;

FIG. 5 shows close-ups of the corresponding and adjacent
images 1n an exemplary embodiment of the invention;

FIG. 6 shows a contour obtained from an automatic seg-
mentation of corresponding cine image C, , in an exemplary
embodiment of the invention;

FIG. 7 shows registration of Cine MR phases to create a
deformation field in an exemplary embodiment of the mnven-
tion;

FIG. 8 shows the Sprior contour shape positioning 1n the
context of the LV phase 1n an exemplary embodiment of the
imnvention;

FIG. 9 shows localization of LV 1n V, 1n an embodiment of
the invention;

FIG. 10 shows the energy fields
embodiment of the invention;

FIG. 11 shows the process of determining limitson S .
scaling 1n an exemplary embodiment of the invention;

FIG. 12 shows fitting of the S, ., to the energy images
shown 1n FIG. 10 1n an exemplary embodiment of the inven-

tion;

FIG. 13 shows a representation of classification process to
generate a predicted 1mage 1n an exemplary embodiment of
the invention;

that fit S

DYIOV

to V, 1n an
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FIG. 14 shown 1mages an exemplary experiment that uses
the DEMR segmentation and classification techniques in an

exemplary embodiment of the invention; and

FIG. 15 shows an exemplary computer system used to
implement an exemplary embodiment of the invention.

DETAILED DESCRIPTION OF TH
EXEMPLARY EMBODIMENTS

(L]

The exemplary embodiments of the present invention waill
be described with reference to the appended drawings.

The following description will assume that sets of Cine MR
(Magnetic Resolution) images and Delayed Enhancement
Magnetic Resolution (DEMR ) images are obtained for a heart
scan with the Left Ventricle (LV) being the target. A two-stage
technique for quantifying the extent of non-viable tissue 1s
described. First, the myocardium in the DEMR 1mages 1s
segmented. Then, the myocardial pixels are classified as cor-
responding to either a viable or a non-viable tissue. Segmen-
tation of the myocardium 1s challenging because 1ts intensity
characteristics cannot be reliably predicted. Further, 1t may be
impossible to distinguish the infracted tissues from the ven-
tricular blood pool. Therefore, MR (Magnetic Resonance)
Cine (also known as “regular or normal” MR 1mages ) images
are acquired in the same session (1n which the myocardium
has a more predictable appearance) 1n order to create a prior
model of the myocardial borders. Using the image features in
the DEMR 1mages and this prior model, the myocardium can
be segmented consistently. In the second stage of processing,
a Support Vector Machine (SVM) 1s employed to distinguish

viable from non-viable pixels based on training from an
expert.

FIG. 1 1s a flowchart for segmenting and classifying the
myocardium in the DEMR 1mages 1n an exemplary embodi-
ment of the invention. In the description below, V, represents
a Viability image; C, , represents Cine MR 1mage just betfore
the phase of the Viability image, 1.¢., “Corresponding Cine”;
C, x+1 represents Cine image just after the phase ot the Viabil-
ity 1image, 1.€., a “Post-Cine” image; C,, , , represents Cine
image adjacent spatially to Corresponding Cine, a “Corre-

sponding Cine’s Adjacent Slice” image; S represents a seg-
mentation contour, 1.e., “Segmentation of Corresponding
Cine”; and S, ;. represents the segmentation of correspond-
ing cine image mnterpolated to the phase of the viability image
to form a prior model of the myocardium 1n the viability
image, 1.e., a “Prior Model”.

At a step 102 of the flowchart 100, sorting of a viability
image V 1s performed with respect to phase (time) 1n a set of
Cine MR (Magnetic Resonance) images C. At a step 104,
automatic segmentation of corresponding cine image C,z to
create a segmentation of the correspondmg clne 1mage SC 1S
performed. At a step 106, surrounding cine MR phases are
regi 1stered to create a deformation field. The deformation field
1s used to interpolate the cine contour S - 1o the phase of the
Vlablllty image. This mmvolves reglstermg ol corresponding
cine 1mage C, ; to post cine image C, jer1 1O obtain a deforma-
tion field between them. Then, the cine contour SC can be
interpolated to form a prior model S, .. At a step 108 Left
Ventricle(LV) 1s localized in V, by registemng correspondmg
cine 1image C, ; to V,. At a step 110, energy field images are
created to fit prior model S, . to V, by minimizing the
energy. At a step 112, limits to the scaling ot S, are deter-
mined by registering the corresponding Cine 1mage’s adja-
cent Slice C,, | ; to corresponding cine image C, ;. At a step
114, fitting of prior model S to the energy field images 1s

DFior
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4
carried out using affine transformations. At a step 116, clas-
sification of the myocardial tissue using an SVM 1s per-
formed.

FIG. 2 shows a block of Cine MR 1mages used 1n an
exemplary embodiment of the invention. Let C, ,, represent a
nxm matrix of Cine MR 1mages with n adjacent slice posi-
tions and m consecutive phases equally spaced 1n time 1n the
cardiac cycle. Cine MR images 200 are shown as n Cine slices
positions 202 and m Cine slice phases 204.

The process of finding one of the cine phases 204 that 1s
closest to one of the viability phases in the DEMR 1mages 1s
described next. Let V, represent the set of n DEMR images
with n adjacent slice positions. For a VeV, let the corre-
sponding cine image be C, ,€C,,  such that,

where t represents the Echo CardioGram (ECG) trigger time
of the image, k represents phase 1n milliseconds, and 1 repre-
sents the slice position A myocardial border detection algo-
rithm 1s applied to C, ; which employs a region segmentation
combined with an active contour formulation The result,
which may be manually edited, 1s a contour S (r), the seg-
mentation of the correspondmg Cine 1mage. Adj acent to the
corresponding cine image C, ; 1s C, ., such that t. =t, =

Cirsl”

FIG. 3 shows DEMR Viability Images and a specific viabil-

ity phase 1n an exemplary embodiment of the invention.
Viability images 206 are shown. Viability images 208, 210

and 214 form part of the DEMR wviability images. The DEMR
images are considered viability images.

A single slice 1 of viability images 1s represented as V.. The
next goal 1s to find the myocardial border in V, and classity the
tissues 1n it as viable (living) or non-viable (dead). The LV
border 1s to be determined near a region pointed out by the LV
border indicator 212.

Localization of the LV 1n the DEMR 1mage 1s described

next. A single phase 1(212) of viability images 1s represented
as V.. The center of the blood-pool 1n V, (212) 1s computed

by registering C, , with V, resulting in the detormation field
D(?) such that C, k(;) =V, (D(?)) The segmentation

S (1) 15 then detormed by IX( x) to arrive at S__ _ (r)=
D(SC (1)). The centroid of S

cerlier?

R
X center = f SE‘EHI‘EF(F) dr
5

CeENTer

1s the position from which search of the LV 1n V, 1s started.
The deformation field can be too imprecise for any other
inferences.

FIG. 4 shows sorting of the viability images 1n an exem-
plary embodiment of the imnvention. Viability images 206 are
sorted with respect to phase, 1.¢., time 1nto the set of Cine MR
images 200. Corresponding cine image 216 (C, ;) 1s shown.
Adjacent cine 1mages 218 and 220 representing cine images
Cirand C, ;. are shown as next to the corresponding cine
image 216.

FIG. 5 shows close-ups of the corresponding and adjacent
images 1n an exemplary embodiment of the invention. DEMR

viable phase 210 shows the a single slice 1 of viability images
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1s represented as V,. Corresponding cine image 216 (C, ;) 1s
shown. Adjacent cine 1images 218 and 220 representing cine
images C, ., ,and C, ;. are shown as next to the correspond-
ing cine image 216.

FIG. 6 shows a contour obtained from an automatic seg-
mentation of corresponding cine image C, ;, 1n an exemplary
embodiment of the invention. DEMR viable phase 210 image
shows the a single slice 1 of viability 1mages which 1s repre-
sented as V,. Corresponding cine image 216 (C, ;) 1s shown
that mcludes the contour S 222, which 1s obtained by the
automatic Segmentatlon of CI . AdJ acent cine images 218 and
220 representing cine images C,,, . and C,, , are shown as
next to the corresponding cine image 216.

FIG. 7 shows registration of Cine MR phases to create a
deformation field in an exemplary embodiment of the mven-
tion. DEMR viable phase 210 image shows a single slice 1 of
Viability images 1s represented as V.. Corresponding cine
image 216 (C, ;) 1s shown that 1ncludes the contour S, 222,
which is obtained by the automatic segmentation of CI & An
adjacent cine 1mages 218 and 220 represen’[mg C,e1 and
C, .1 are shown as next to the corresponding cine image 216.
The cie 1mage C, ; 1s registered to C, ;,; so as to obtain the
detormation field between them. Thereatter, the contour S|
222 can be interpolated to create S |

DpFior’

Determination of segmentation prior S, . 1s described

next. C, ,1s registered with C, , | using a non-rigid variational

approach. The resulting deformation field, U(;‘), such that

Ci,k(?) 4 O l(U(?)) 1s linearly 1nterpolated as below,

U;(;) _ (IV:' - IL‘:}',l) U(;),.

(ICE,m - ICE,I )

to calculate the deformation field att,.. The above equation 1s
the interpolated deformation field. Thls deformation field 1s
then apphed to S, (r) for obtaining to arrive at the segmen-
tation prior, 1.€., the segmentation of the cine acquisition
interpolated to tlme t, as below:

Spriar(r):U(SCijk(r))

FIG. 8 shows the Sprior contour shape positioning in the
context of the LV phase 1n an exemplary embodiment of the
invention. The LV border indicator 212 represents the contour
shape for the V, in a DEMR wviable phase 210. A Sprior
contour 226 should be similar to the correct contour shape for
the phase of V.. But, 1t may not be 1n the right position and
may not be having the exact shape. Hence, the process of
locating of the LV can be performed as described next.

FI1G. 9 shows localization of LV 11V, in an embodiment of
the imnvention. Localization of LV 1n 'V, 1s performed by reg-
istering C, ; to V. This generates a mapping from C, ; to V.
Since center of the heart 1s known from the center of the S,
then the target location of the mapping can be known. DEMR
viable phase 210 image shows a single slice 1 of viability
images which 1s represented as V.. Corresponding cine image
216 (C, ;) 1s shown that includes the contour S, 222, which
is obtained by the automatic segmentation of CI & Adjacent
cine 1mages 218 and 220 representing C,; ; and C, sl are
shown as next to the corresponding cine image 216. An LV
localization arrow 228 shows graphically the mapping from
C, oV,

FIG. 10 shows the energy fields that fit S, to V; in an

embodiment of the invention. Energy fields are created to {it
S _....to V.. The DEMR wviable phase 210 shows LV border

DFIoF
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6
indicator 212. The S, , in the DEMR viable phase 210 1s

moved over each of the three energy fields 230, 232 and 234

to try and minimize the energy in the Spf,,mF Energy field 230
represents an mner contour energy.

Energy field 232 repre-
sents an outer energy contour.

Energy field 234 represents
energy of the blood pool (1.e.,

BloodPoolNess Energy”™).

FIG. 11 shows the process of determining limits on S

DFIOF

scaling 1n an exemplary embodiment of the invention. DEMR
viable phase 210 1s V. Corresponding cine image 216 (C, ;) 1s
shown that includes the contour S 222, whichis obtained by
the automatic segmentation ot C, ;. Adjacent cine images 218
and 220 representing C, , ,and C, ., are shown as next to the
corresponding cine 1mage 216. A C,,, , to C,; localization
arrow 236 shows graphically the mapping from C,, ;o C, ..
The C,, and C, , , are adjacent slice positions. It can be
assumed that S, should not scale so that it appears like the
next slice.

FIG. 12 shows fitting of the S, , to the energy images

shown 1n FIG. 10 1n an exemplary embodiment of the inven-
tion. Unfitted S image 238 shows an unfitted S 240,

pﬂar DFIOF

which 1s fitted using aifine transformations (e.g., translation,
scaling, shearing) which limait the scaling to the bounds found
in above 1n context of FIG. 11. Fitted S, ,, image 242 shows
as, ... 244 that s fitted properly. Alternatively, a free-form
deformation model can be used for fitting the prior model to

the energy field images.

Determination of the LV borders in the DEMR Image 1s
described next. The prior model, S, ., 1s detformed to fit to
the DEMR image V. to maximize the probability that the
resulting S, 1s the correct segmentation of V,. In the fitting

process, an affine registration with five parameters 1s applied:
—
translation 1n the x and y dimensions T , shearing parameters

s, and s, , and a scaling parameter w. The translation 1s bound
by the distance of 10 pixels but 1s allowed to change without
penalty. Also, the shearing 1s bound by £60 degrees and £%20
scaling again without any penalty.

The scale bound, »', 1s based on the change 1n the s1ze of the
LV from slice level 1 to an adjacent slice level, 1+1 or1-1. The
slice level with the maximal change 1s selected 1n the case of
1=1,m. It can be assumed that the change in the scale 1s due to
motion artifacts, through-plane motion, etc., and will not be
greater than o',

The Computation of scale bound ' 1s described next. For
brevity, 1t 1s can be assumed that the adjacent slice 1s1+1. C, ,
1s registered with C,,, , resulting m the deformation field

F(?) such that C; k(?) =CL k(F(?)). Then, the average of
the deformation between the endo and epi contours of Scm(r)
can be calculated as below:

F(;)rsﬁr — 56 xdr
Se.

1L,kept 1,kepi

The scale bound, ', is then the norm of E‘,, (ﬂ':H;Hz.

Penalty upon scaling considerations are described next.

—=>
Unlike translation, T, a penalty 1s incurred on scaling. This

penalty 1s a coetlicient in the energy formulation that 1s maxi-
mized. The penalty varies from 1 (no penalty)to e~' (maximal
penalty resulting from a scaling equal to the scale bound m')
and 1s bell shaped. In at least one exemplary embodiment, the
scale m 1s 1teratively increased by 1.5% from a value of 1 to o'
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(stmilarly decreased to —w') with the total energy formulation
1s evaluated at each step. Thus, at iteration v, the scale m 1s
w=(1.015)".

The penalty for a scale o 1s based on the ratio of the
iteration number, v, and the 1teration number corresponding 3
to the maximal number of iterations, ¥’ where '=(1.015)".
Specifically,

7 10
ey ;
which may be rewritten as
15
Jog) 015
elogl 015t

Energy maximization 1s described next. The energy formu- 20
lation that 1s maximized by ailine registration procedure is

expressed as below:

e

; r’ ) 25
Sy, (r) = ArgMax{(flﬂgcuW)4 Wlf Eidr+ ng Erdr + WgSEEg dr }

T ., \ i i /

— —
_ﬁ _ﬂ . . 30
where E,( x ) and E,( x ) are the inner and outer edge images

created by applying a steering filter and detecting directional
dark to bright edges and bright to dark edges respectively. In
at least one embodiment, the steering filter 1s amodified Sobel

Filter that adapts its convolution kernel by using the relative
— —
location of the convolved pixel withrespectto x __ . E.(X)

1s the “bloodpoolness” 1mage created by making an estima-
tion of blood-pool’s mean intensity via the intensities of the
central pixels as calculated during the localization procedure.

FI1G. 13 shows a representation of classification process to 40
generate a predicted 1mage 1n an exemplary embodiment of
the invention. A Support Vector Machine (SVM) 252 1s input-
ted with 1image parameters to generate a predicted image. In at
least one embodiment the 1mage parameters can be image
intensity, relative intensity and image homogeneity. Here, a 45
image intensity sample 246, a relative intensity 248 sample
representing relative intensity of the myocardium and homo-
geneity 250 sample are shown as mputs to the SVM 252,
which generates a generated/predicted 1mage 256.

In at least one exemplary embodiment, a SVM 1s used to ¢
perform the classification of myocardial pixels once the bor-
ders, have been detected. This approach over automatic
thresholding can be preferred since the distribution of gray
levels in the myocardium 1s not strictly a bimodal distribution
of non-viable (bright) and viable (dark) pixels. This 1s due to >
partial voluming effects and the degree of damage.

35

For a given kernel function of the SVM a Gaussian radial
basis function of the form:

60

K(@(x). B(x)) = o IC-BC I 202

where ¢ is the vector of features. It may be shown that kernels 65
of this form which follow form Mercer’s conditions have
corresponding optimization problems that are convex, thus
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lacking local minima. To determine o 1n such kernel as well as
K, a compromise between maximizing the margin and mini-
mizing the number of training set errors, here a “leave-one-
out strategy” was employed.

The following three features make up ¢: The first feature,
¢, 1s the intensity ot a pixel, I, relative to the average myo-
cardial intensity,

M
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The second of these features 1s the standard deviation ¢,=std
(1) of the relative pixel intensities with respect to 1ts next
neighbors. The final feature ¢, 1s related to the image as a
whole and not to a single pixel. This feature 1s called myo-
cardial contrast and 1t 1s defined as

¢3 =

Iy
F El

i.e., the ratio of the mean myocardial intensity I,, and the

mean image intensity I of the image.

In at least one embodiment a classitying technique a
threshold function 1s used 1n place of the SVM classifier
described above.

FIG. 14 shown images an exemplary experiment that uses
the DEMR segmentation and classification techniques
described above 1n an exemplary embodiment of the mven-
tion. Image Acquisition Parameters for the exemplary experi-
ment are described next. Forty-five patients with known
multi-vessel chronic i1schemic heart disease underwent
DEMR using an IR TurboFLASH sequence (FOV 300-360
mm2, TE 4 ms, TR 8 ms, tlip angle 30 deg, T1 190-470 ms),
approximately 20 minutes after intravenous 0.2 mmol/kg Gd-
DTPA 1njection, with (n=9) or without (n=31) phase sensitive
reconstruction. TrueFISP cine images (FOV 260-360 mm, TE
1.5 msec, TR 25-43 msec, 49-650) were also acquired. For
both types of imaging, 3 representative short-axis slices
(thickness 6-10 mm) were acquired at the base, mid-ventricle
and apex of the left ventricle during repetitive 10-15 second
breath-holds. Image 258 1s a DEMR 1mage. Image 260 1s the
automatic segmentation. Image 262 1s the classification of
non-viable tissues (black pixels indicated non-viability).
Image 264 shows agreement with the expert (black pixels
indicate agreement; white pixels indicate disagreement).

The 45 patients in the exemplary experiment were broken
down 1n to training (31 patients) and testing (14 patients)
groups. For the training group the myocardial borders were
manually drawn and the pixels classified as viable or non-
viable by an expert. Appropriate SVM parameters were found
to be 0=0.01 and K=20. For the testing group, segmentations
and classifications were obtained automatically. For each of
the 42 (14 test patients with 3 slices levels each) DEMR

images, the myocardial borders on the corresponding Cine
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MR 1mages were automatically segmented and an expert
oversaw any additional editing. To evaluate the segmentation
results, an expert delineated the ground truth myocardial bor-
ders on the DEMR 1mages using the ARGUS package from
SIEMENS. Using this ground truth it was found that the
technique’s contour pixel location error in at least one
embodiment of the invention was 1.54 pixels on average with
the standard deviation of 0.39 pixels over the 42 1images (not
shown). The 42 DEMR 1mage slices segmented above were
then classified using the SVM. The classification module
achieved to 88.39% accuracy rate with a standard deviation of
6.15%, sensitivity of %81.34 and specificity of 92.28%.

FIG. 15 shows an exemplary computer system used to
implement an exemplary embodiment of the invention.
According to an exemplary embodiment of the present inven-
tion, a computer system 301 for implementing the invention
can comprise, mter alia, a central processing unit (CPU) 302,
a memory 303 and an mput/output (I/O) interface 304. The
computer system 301 1s generally coupled through the I/O
interface 304 to a display 305 and various 1mput devices 306
such as a mouse and keyboard. The support circuits can
include circuits such as cache, power supplies, clock circuits,
and a communications bus. The memory 303 can include
random access memory (RAM), read only memory (ROM),
disk drive, tape drive, etc., or a combination thereof. An
exemplary embodiment of the invention can be implemented
as a routine 307 that 1s stored 1n memory 303 and executed by
the CPU 302 to process the signal from the signal source 308.
As such, the computer system 301 1s a general purpose com-
puter system that becomes a specific purpose computer sys-
tem when executing the routine 307 of the present invention
in an exemplary embodiment of the invention.

The computer platform 301 also includes an operating
system and micro mstruction code. The various processes and
functions described herein may either be part of the micro
instruction code or part of the application program (or a
combination thereof) which 1s executed via the operating
system. In addition, various other peripheral devices may be
connected to the computer platform such as an additional data
storage device and a printing device.

It 1s to be further understood that, because some of the
constituent system components and method steps depicted 1n
the accompanying figures may be implemented 1n software,
the actual connections between the system components (or
the process steps) may differ depending upon the manner in
which the present invention 1s programmed 1n an exemplary
embodiment of the invention. Given the teachings of the
present invention provided herein, one of ordinary skill in the
related art will be able to contemplate these and similar imple-
mentations or configurations of the present invention.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereot, 1t will be understood by those skilled 1n the art that
various changes i form and details may be made therein
without departing from the spirit and scope of the present
invention as defined by the appended claims.

What 1s claimed 1s:

1. A method for processing images to determine 1mage
characteristics, the method comprising:

segmenting one or more first images to create one or more

segmentation contours corresponding to the first
1mages;
registering the segmented first images to one or more sec-
ond 1mages, wherein the first images and the second
images have substantially the same position and phase;

transferring the segmentation contours from the first
images to second images; and
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fitting the transierred segmentation contours in the second
1mages,

wherein the first images comprise one or more Cine MR
(Magnetic Resonance) images and the second 1mages
comprise one or more DEMR (Delayed Enhancement
Magnetic Resonance) viability images, and wherein the
step of registering comprises registering one or more
Cine MR images surrounding the wviability image to
create at least one deformation field, and interpolating at
least one of the segmentation contours to a phase of the
viability 1image using the deformation field to create a
prior model.

2. The method of claim 1, wherein the Cine MR 1mages
turther comprise:

one or more corresponding cine 1mages that are nearby 1n
phase-time with respect to the predetermined position of
the viability image 1n the Cine MR 1mages.

3. The method of claim 2, wherein the step of transierring
COmprises:

localizing one or more candidates 1n a given one of the
viability 1mages by registering one or more of the cor-
responding cine 1images to the given one of the viability
1mages.

4. The method of claim1, wherein the step of fitting further

COmprises:

creating one or more energy field images to fit the prior

model to a given one of the viability images; and

fitting the prior model to the energy field images that
include one or more energy fields.

5. The method of claim 4, wherein the energy fields com-
prise at least one of inner contour energy, outer contour
energy and bloodpoolness energy.

6. The method of claim 5, wherein the step of fitting the
prior model comprises:

using one or more aifine transformations to fit the prior
model.

7. The method of claim 6, wherein the affine transtforma-
tions comprise at least one of scaling, shearing and transla-
tion.

8. The method of claim 5, wherein the step of {itting the
prior model comprises:

using a free-form deformation for fitting the prior model.

9. A method for processing one or more Cine MR (Mag-
netic Resonance) images that include one or more corre-
sponding cine 1images and at least one Delayed Enhancement
Magnetic Resonance (DEMR) viability image to analyze a
candidate, the method comprising:

segmenting the Cine MR 1mages to create one or more
segmentation contours;

deforming the segmentation contour such that 1t 1s interpo-
lated to appear as it would for a phase corresponding to
the viability 1image’s phase to generate a prior model;

localizing the candidate 1n the viability image by register-
ing the corresponding cine images to the viability image;

creating one or more energy lields image to fit the prior
model to the viability image;

fitting the prior model to the energy field images using one
or more transformations; and

classitying the candidate using a classifier in the processed
viability images that include the fitted prior model.

10. The method of claim 9, turther comprises:

sorting the viability image with respect to phase-time 1n the
Cine MR 1mages to determine the viability image’s loca-
tion within the Cine MR 1mages.
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11. The method of claim 9, wherein the transformation for
fitting the prior model to the energy field images 1s an atfine
transformation that comprises at least one of scaling, shearing
and translation operation.

12. The method of claim 9, wherein the Cine MR 1mages
and DEMR 1mages are images ifrom a heart organ and the
candidate 1s a left ventricle of the heart organ.

13. The method of claim 9, further comprises:

determining limaits to a scaling of the prior model by reg-

istering at least one 1mage slice adjacent to the corre-
sponding cine 1mages.

14. The method of claim 9, wherein the classifier to classity
the candidate comprises a support vector machine.

15. The method of claim 9, wherein the classifier to classity
the candidate comprises a threshold function.

16. A program storage device readable by machine, tangi-
bly embodying a program of instructions executable by the
machine to perform method steps for image processing to
determine 1image characteristics, the method steps compris-
ng:

segmenting one or more first images to create one or more

segmentation contours corresponding to the first
1mages;
registering the segmented first images to one or more sec-
ond 1mages, wherein the first images and the second
images have substantially the same position and phase;

transferring the segmentation contours from the first
images to second images; and

fitting the transierred segmentation contours 1n the second

1mages,

wherein the first images comprise one or more Cine MR

(Magnetic Resonance) images and the second 1images
comprise one or more DEMR (Delayed Enhancement
Magnetic Resonance) viability images, and wherein the
step of registering comprises instructions for registering,
one or more Cine MR 1mages surrounding the viability
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image to create at least one deformation field, wherein
the viability image has a predetermined position corre-
sponding to a location within the Cine MR 1mages; and
intepolating at least one of the segmentation contours to
the viability images using the deformation field to create
a prior model.

17. The device of claim 16, further comprising;:

one or more corresponding cine images that are previous 1n
phase-time 1n relation to the predetermined position of
the viability image in the Cine MR 1mages.

18. The device of claim 17, wherein the step of transferring
comprises nstructions for:

localizing one or more candidates 1n a given one of the

viability 1mages by registering one or more of the cor-
responding cine 1mages to the given one of the viability
1mages.

19. The device of claim 17, whereimn the step of {fitting
turther comprises 1nstructions for:

creating one or more energy lield images to fit the prior

model to a given one of the viability images; and
fitting the prior model to the energy field images include
one or more energy lields.

20. The device of claim 19, wherein the energy fields
comprise at least one of inner contour energy, outer contour
energy and bloodpoolness energy.

21. The device of claim 19, wherein the step of fitting the
prior model comprises instructions for:

using one or more affine transformations to fit the prior

model.

22. The device of claim 21, wherein the affine transtforma-
tions comprise at least one of scaling, shearing and transla-
tion.

23. The device of claim 19, wherein the step of fitting the
prior model comprises:

using iree-form deformation for fitting the prior model.
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